To explore temporal trends and individuallevel determinants of hospital deaths at ages 50 and older in Denmark from 1980 to 2014. DESIGN: Individual-level register-based retrospective study. SETTING: Denmark, 1980 to 2014. PARTICIPANTS: All deaths that occurred in Denmark from 1980 to 2014 among individuals 50 years or older (N = 1 834 437), extracted from population registers. MEASUREMENTS: A death was defined as a hospital death if the individual was admitted to the hospital as an inpatient and the date of discharge from the hospital is equal to the date of death. RESULTS: The percentage of hospital deaths decreased in both sexes (all ages combined, men: 56% to 44%; women: 49% to 39%) and at ages 50 to 79, remained almost unchanged at ages 80 to 89, and increased in the oldest age group (90+ men: 27% to 32%; women: 18% to 24%). We observed increasing trends of hospital deaths for three groups, people 90 years and older, dying from respiratory diseases, and who had terminal hospitalizations lasting 1 to 3 days. Subanalysis of all hospital deaths according to length of the terminal hospitalizations suggests that the overall reduction of hospital deaths might be driven by a reduction in hospitalizations that were longer than 1 week. Persons who are married, have middle or high income, have a history of hospitalizations in the year before death, or die because of respiratory diseases have higher odds of dying in a hospital. CONCLUSION: Results provide evidence that Danes 50 years and older are increasingly dying outside the hospital context. We find three age-specific patterns in the proportion of hospital deaths. Changes in healthcare and social systems implemented in Denmark during the observation period may underlie the broader reduction in hospital deaths in the country. J Am Geriatr Soc 67:471-476, 2019.
R emarkable improvements in life expectancy over the last 2 centuries in high-income countries have resulted in a rapidly growing population of older aged individuals. 1 This has led to new areas of research studying how older people live including general trends in morbidity and disability, as well as socioeconomic and gender disparities in health outcomes. 2 In the last decade more research has been initiated to study health patterns, healthcare needs, and quality of care at the end of life. 3, 4 Older people often have multiple health problems and are at higher risk of functional declines, and thus they have special needs for treatments and symptom management. Ensuring continuity of care at older ages and improving end-of-life care have both been recognized as global public health priority issues by the World Health Organization 5 and the United Nations General Assembly. 6 Central to planning policies for end-of-life care is measuring the share of the population dying in different contexts. Several components determine place of death including sociodemographic factors, cause of death, other illness-related factors, 7 structural factors, and social trends that change over time. Studies showed that many high-income countries have worked toward shifting the place of death from hospital to home or long-term care institutions to reduce healthcare costs, iatrogenic conditions, and hospital-acquired infections, as well as to meet patients' and caregivers' preferences. 8, 9 Evidence indicates that quality of death is highest at home, lowest in the hospital, and intermediate in palliative care units. 10, 11 Furthermore, hospital admissions at the end of life can substantially increase total healthcare expenditures. 12 Individual factors include demographic characteristics (eg, age, sex, race, marital status, number of children), socioeconomic status (SES) (eg, education, family income, social class), and cause of death. Population-level studies have demonstrated that increasing age is associated with a decreasing probability of dying in the hospital. 13, 14 However, this relationship is less consistent in the studies that focus on specific population groups, such as cancer patients. 7, 15 Women die in hospital more often than men do, [16] [17] [18] which likely has multiple causes including women having no partner to provide caregiving at home. 19 People who do not have relatives to care for them have an increased probability of dying in a hospital, 20 as do those of lower SES. 21 The most frequent causes of hospital death are cancer, stroke, and respiratory diseases. 17, 20 Previous studies suggest that people with advanced chronic diseases prefer to die at home 4 because it offers greater physical and psychological comfort and more time with family without additional caregiver psychological and economic burden. 10, 11 In Denmark, there is little research on place of death, and, to our knowledge, the published research has focused mainly on preferred place of care and death and the association of general practitioner visits with home death among terminally ill cancer patients. 22, 23 Using high-quality register data on the total Danish population, this study examined trends in hospital deaths at ages 50 and older and how trends vary by age, sex, and causes of death over a 35-year period from 1980 to 2014. We also investigated individual-level determinants of hospital deaths in the Danish population.
DATA AND METHODS
This study is based on register data that cover the total population of Denmark. The study involves secondary data analysis of deidentified microdata, for which formal consent is not required. The initial application for a broader project has been approved by Statistics Denmark (Project No. 5935).
The study population includes all deaths that occurred in Denmark from 1980 to 2014 among individuals 50 years or older because this is the approximate age at which individuals start accumulating diseases and disabilities and at which the incidence of most common causes of death in Denmark increases substantially. 24 A death was defined as a hospital death if the individual was admitted to the hospital as an inpatient and the date of discharge from the hospital was the same as the date of death.
We first present temporal trends in the proportions of hospital deaths, and then we discuss results of sex-specific multivariate logistic regression models. Details about data and method are presented in the Supplementary Text S1.
RESULTS
From 1980 to 2014, 47.5% (870 776) of deaths at ages 50 and older were defined as hospital deaths out of a total of 1 834 437 deaths. The percentage of hospital deaths decreased from 1980 to 2014 for both sexes, men: 56% to 44% and women: 49% to 39%, and shows three agespecific trends (Supplementary Table S2 ). The percentage of hospital deaths decreased with increasing age (all years combined, men: 53% to 30% and women: 60% to 23%). The percentage of hospital deaths was higher among married (men 56%, women 57%) than among nonmarried counterparts in all years combined. For both sexes, the highest percentage of hospital deaths was recorded for neoplasms in 1980 (men 70%, women 68%) and respiratory diseases in 2014 (men 58%, women 54%), whereas deaths due to mental and behavioral disorders accounted for the lowest percentages. High-income men and women had the lowest percentage of hospital deaths in 1980 (54% and 44%, respectively), and the lowest proportion of hospital deaths was observed for middle-income groups in 2014 (men 43%, women 37%). Figure 1A ) and causes of death ( Figure 1B ). The proportion of deaths occurring in a hospital declines for individuals aged 50 to 79. The proportion of hospital deaths at ages 80 to 89 years remains almost unchanged over the observation period while it increases slightly in the oldest age category (90+). Decreasing trends were observed for all causes of death, except for deaths due to diseases of the respiratory system and "other" causes. The highest proportion of hospital deaths was due to neoplasms until 2005; this category had the steepest decline ( Figure 1B) . Figure 1C illustrates the trends of hospital deaths by age and sex for the complete study population (All) and for all deaths excluding terminal hospitalizations with a hospital stay between 1 and 3 days (Hosp >3 days). This is to exclude hospitalizations that were mainly due to adverse health deteriorations shortly before death. For those aged 50 to 59 and 60 to 69, the proportion of hospital deaths is consistently higher for women than men across all years, but no gender difference is observed in the age group 70 to 79. In contrast, at 80 years and older, men have higher proportions of hospital deaths compared with their women counterparts during the whole observation period. In the subpopulation that excludes terminal hospitalizations with a hospital stay between 1 and 3 days, the proportion of hospital deaths declines across all ages, except for the 90+ age group. A possible explanation for the sex-and agespecific patterns is provided in Supplementary Analysis S3.
Trends in Hospital Deaths
We further examined trends in the proportions of hospital deaths by age and duration of terminal hospitalization only for the individuals who died in the hospital ( Figure 2 ). There are increasing trends of hospital deaths for the hospitalizations 1 to 3 days long for the oldest ages (80+).
Hospital deaths with terminal hospitalizations lasting 4 to7 days increased from 1980 to 2014 across all ages. The proportion of hospital deaths with terminal hospitalizations lasting 8 to 28 days and 28 or more days declined over the observation period for all ages. Figure 3 shows that the proportion of hospital deaths due circulatory diseases decreased in the youngest age categories while the trends were stable or were slightly increasing in the age 80 to 89 and 90+ age groups, respectively. The proportion of hospital deaths due to neoplasms declined over time for all age categories, except for the two youngest age groups that peaked in 2013-2014. There is an increase in the proportion of hospital deaths due to diseases of the respiratory system among those 70 years and older.
This was even steeper for people aged 80 and older than among their younger counterparts.
Determinants of Hospital Deaths
For both sexes, whereas the odds of dying in the hospital were higher at ages 60 to 79 compared with the 50 to 59 age group, they were lower for those 80 years and older (Table 1) . Married individuals had a higher risk of dying in hospital when compared with their nonpartnered counterparts. The odds of dying in a hospital for both sexes were higher for middle-and high-income groups than lowincome groups (Table 1 ). In comparison with circulatory diseases, the risk of dying in a hospital was lower for all causes of death except deaths due to diseases of the respiratory system. Finally, each additional hospitalization in the year before death increased the odds of dying in the hospital for both sexes. Despite controlling for these social covariates and causes of death, there is still a significant decline in the odds of dying in a hospital over the period for both sexes.
DISCUSSION
In this contemporary nationwide study on long-term trends in hospital deaths in Denmark, we found a decline in hospital deaths from 1980 to 2014 for ages 50 to 79, and for all causes of death, except for diseases of the respiratory system and "other" causes of death. Stable trends were observed for ages 80 to 89. Individuals 90+ experienced increased hospital deaths. Our additional analyses of trends in hospital deaths by length of the terminal hospitalization before death (Figure 2 ) provide some insights into the increasing hospital deaths in the oldest age group. A steep increase in hospital deaths with the duration of a 1-to 3-day terminal hospitalization among the oldest old individuals suggests that these individuals may spend most of the time leading to death at home or in a long-term care facility, and they are then transferred to a hospital shortly before death. Focusing on deaths that do not involve 1-to 3-day terminal hospitalizations shows constant trends in hospital deaths among age 90+ men and women. Although our data do not allow us to investigate the qualitative context surrounding these short-term terminal hospitalizations, other scholars have found that potential avoidable hospitalizations among residents of nursing homes in the United States were significantly more likely when patients developed respiratory symptoms. 25 Also in England, individuals dying from respiratory diseases were found twice as likely to be transferred to a hospital shortly before death than those dying from cancer. 26 A hospitalization before death can be unavoidable because of acute health deterioration, for which home care is likely to be insufficient. 27, 28 It is also possible that caregivers are feeling overwhelmed by worsening of health status, and therefore they choose to transfer the patient to the hospital. This evidence contextualizes our findings of increasing trends for specific causes of death and shorter terminal hospitalizations. That is, these trends may be driven by intensified needs for proficient clinical care. These study findings also raise the question of whether more education on end-of-life symptom management should be incorporated in training for healthcare professionals 29 and reemphasize the need for better healthcare delivery models that allow patients to have a "good death." 30 Prior work suggested that there is more active hospital treatment in Danes of the 1905 cohort compared with the 1895 cohort, based on the higher proportions of hospitalizations and surgical procedures performed, without an increase in in-hospital mortality (within 30 days after surgery among all operated). 31 In contrast, we find increasing trends in hospital deaths for respiratory diseases and circulatory diseases (to a smaller extent) in the oldest age group (Figure 3) , which could be due to different definitions of (in-)hospital deaths used in these studies. Upon data availability, more rigorous analyses are needed to investigate the reasons for the increasing tendency of hospital deaths among the oldest old in Denmark.
We find the percentage of hospital deaths to be higher among married than among all nonmarried counterparts. To some extent this is an unexpected finding because some research finds living with a spouse or another person is associated with higher odds of home death. 19 However, being married was also associated with a higher risk of a hospital death in Stockholm County and in Portugal. 32, 33 Possible explanations could include differences in treatment-seeking behavior by marital status and/or that spouses become overwhelmed by the symptoms related to substantial health deterioration before their partners' death and thus are more likely to transfer them to a hospital. That said, marital status is based on the civil status recorded in the register that may not reflect actual living arrangements. The data available to the researchers do not allow identifying persons living in long-term care facilities, making more detailed analysis of living arrangements and place of death impossible. Therefore, the explanations just provided are speculative and should be addressed in future research.
The odds of dying in a hospital are higher for middleand high-income than low-income men and women. Although in Denmark access to healthcare services, including hospital care and prescription drugs administered through hospitals, 34 is universal and free to all residents, research shows that income disparities in life expectancy 35 and social disparities in delays in diagnosis of cancer and asthma do exist in Denmark. 36, 37 A Swedish study found higher odds of dying in the hospital for higher educated individuals residing at home compared with the less educated.
14 In Sweden, individuals with a higher education are more likely to live in the community until the end of their lives, and they are more likely to be transferred to the hospital shortly before death than those with a primary education. 38 Although another Swedish study found no association between hospital deaths and SES, the study population was limited to persons in Stockholm County who had at least one contact with the health system in the previous 3 years. 32 It is likely that the income measure partially captures the effect of education. People with higher education are more likely to live in cities or nearby where hospitals are available, and thus they can more easily be transferred to a hospital than their lower educated counterparts. Additionally, higher educated people may have more knowledge about pathologic signs, leading them to seek hospital treatment earlier in the health deterioration process. We are unable to test these hypotheses with the available data, but we encourage future researchers to investigate whether lower income individuals are dying more often outside the hospital due to preference, economic constraints, or other factors.
Changes in healthcare and social systems implemented in Denmark during the observation period may drive the broader reduction in hospital deaths. First, changes in healthcare policies might have altered the length of hospital stay in the period from 1980 to 2014. However, inpatient admissions with at least 1 day of hospital stay are likely to be less sensitive to policy changes than longer admissions. Second, changes in the admission strategies for specific causes or treatments are likely to have changed as well. Finally, in Denmark the total number of hospital beds was reduced from 4.64 per 1000 inhabitants in 1997 to 2.64 in 2014. 39 These reductions were motivated by various financial incentives, especially for those needing long-term care. In the 1990s, municipalities were forced to pay a daily fee to hospitals for the patients waiting for a vacant place in a long-term care facility or to proper home care being established. Currently, a similar principle of financial incentives applies to all municipalities that have to pay a co-financing contribution to the hospitals when any citizen is hospitalized. This prompted the municipalities to extend in-home care, including palliative care, and to construct intermediary nursing care homes, 40 giving the citizens the opportunity to stay at home or in a care home until death, even with advanced palliative treatment.
The study had several limitations. Due to data availability, it was impossible to differentiate across place of death outside of hospitals, that is, long-term care facilities and home, or to investigate geographic variation in hospital deaths. Previous research shows that even in Sweden, a country that aims to provide egalitarian healthcare and social support, there is substantial variation in the coverage of home help for older populations across municipalities. 41 It is possible that differential provision of home help and care across Danish municipalities may also influence the proportion of hospital deaths. However, as a small country, Denmark may be less likely to face Sweden's challenges of providing home care in less populated areas across large distances.
Despite these limitations, one strength of this study is that it utilized high-quality register data covering the total Danish population to examine trends in hospital deaths over 35 years of observation from 1980 to 2014. These high-quality data comprise nearly complete registration of all hospital admissions from 1977, as well as complete survival follow-up. However, changes in International Classification of Disease codes and in coding practices limit a more detailed analysis by cause of death. 42 In contrast to previous research in Denmark, our study is not restricted to cancer patients, instead including all causes of death among individuals 50 years or older. Our findings of declining trends in hospital deaths for most groups are informative for policymakers and healthcare professionals in Denmark because the trends highlight the importance of planning and developing end-of-life care programs that can accommodate dying individuals outside of the hospital context. The findings also have broader relevance across high-income countries for several reasons. First, population aging is a global phenomenon. Second and relatedly, many high-income countries are experiencing a reduction in hospital beds despite the growing proportion of older aged persons and the increasing prevalence of chronic conditions. 2 Third, international qualitative work shows individuals exhibit preferences to be cared for and die at home at terminal stages of their lives. 23 Our use of high-quality register data, unavailable in most other highincome countries, provides clear quantitative evidence of the need to expand other end-of-life care settings in Denmark. This, for the reasons stated earlier, is likely also true of other high-income countries.
In conclusion, our results show a substantial reduction in the proportions of hospital deaths vs all the other deaths in Denmark for both sexes and all age groups, except the oldest old, where a slight increase in hospital deaths is observed. Married individuals, as well as middle-and highincome groups and individuals who died of respiratory diseases, were more likely to die in the hospital. Finally, increasing numbers of hospitalizations in the year before death were linked with higher odds of dying in the hospital with respect to dying elsewhere.
